The practical application of real-time performance optimization is addressed (using a wide-body transport Azfp simulation) based on real-time measurements and calculation of incremental drag from forced response C L maneuvers. Various controller combinations can be envisioned although this study used symmetric outboard CD aileron and stabilizer. The approach is based on navigation instrumentation and other measurements CL@n_n CD found on state-of-the-art transports. This information is used to calculate winds and angle of attack. Thrust is CD M estimated from a representative engine model as a function of measured variables. The lift and drag equations are then used to calculate lift and drag CDo coefficients. An expression for drag coefficient, which is c.g. a function of parasite drag, induced drag, and aileron DFRC drag, is solved from forced excitation response data. Estimates of the parasite drag, curvature of the aileron drag variation, and minimum drag aileron position are produced. Minimum drag is then obtained by repositioning the symmetric aileron. Simulation results are also presented which evaluate the affects of measurement bias and resolution. Nomenclature APO adaptive performance optimization ACEE aircraft energy efficiency AFTI advanced fighter technology integration *Aerospace Engineer, A1AA,Member
DEVELOPMENT
Lift = qSC L = WAzf p-Tsin(oc-rl)(1)
Sensitivity to Baseline Data
The good results presented in figure 8 may not be all that surprising in view of the fact that the simulation output variables are perfect with, at most, some white noise effects manifested from the turbulence. Assurance of analysis insensitivity to all known effects must be verified. and CL@ nan CD respectively were performed. These variations produced less than 0.1°variation on the optimal symmetric aileron value (4.5°). As a result, the optimal solution appears insensitive to these a priori parameters.
Measurement

Bias Effects
For absolute performance analysis, measurement bias is a limiting factor on analysis accuracy. However, the formulation of this APO analysis algorithm is designed to be insensitive to measurement bias. The following biases (applied one at a time) produced less than 0.1 o variation on the optimal symmetric aileron value: Aircraft gross weight 10,000 lb A bias on the symmetric aileron measurement produces an equivalent change on the optimal solution, but in true terms, the solution is unaffected. Bias insensitivity is significant relative to the analysis because measurement biases are common. Note also that these findings apply in spite of the fact that the equations are nonlinear.
Resolution Effects
Operating near or at the resolution limits of instrumentation is potentially a serious problem, and the analysis procedure must be insensitive to these quantization effects. Formulation of this APO analysis algorithm is not overly sensitive to resolution resulting, in part, from the regression technique employed. 
The analysis
with resolution produced less than 0.2°v ariation from the optimal symmetric aileron value case of figure 8 .
The algorithm appears to be most sensitive to thrust resolution. An increase in the thrust resolution to 300 lb changes the optimal symmetric aileron value by 0.4°. In general, however, the optimal solution is relatively insensitive to these resolution effects.
Thrust Accuracy
Although thrust is not measured, it is determined based on EPR and flight condition measurements and a representative engine model. The thrust calculations will tend to be the least accurate of all inputs to the analysis process. Constant errors in the thrust level are not a problem. However, thrust is based on interpolation of steady-state thrust tables; hence, inaccuracies caused by lack of modeled engine dynamics, whether they accrue from throttle lever motion or atmospheric effects, will occur. A cursory evaluation of this effect was conducted by calculating a thrust value to be fed into the analysis as a linear variation with throttle lever. Figure 10 shows the variation of thrust with throttle lever for the data of 
Related Issues
The forced excitation requirement of real-time adaptive optimization generally attracts concern and, therefore, some discussion is in order. 
